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DESCRIPTION 

ELECTROMECHANICAL FILTER 

5 TECHNICAL FIELD 
[0001] 

The present invention relates to an electromechanical 
filter and, more particularly,^ an electromechanical filter 
comprising an electrode acting as a signal line, a magnetic 
10 field generating portion, and a mechanism for moving these 
portions . 

BACKGROUND ART 
[0002] 

15 Through the spread of information communication devices 

such as radio terminals, an extension of the frequency band 
used in the communication is accelerated from several hundreds 
MHz for the mobile phone, or the like to the several GHz band 
for the radio LAN, or the like. In the existing circumstance, 

20 terminals that are adaptable for various communication systems 
respectively are used independently. But the radio terminal 
that can conform to various communication systems alone is 
desired in the future. 
[0003] 

25 Meanwhile, with the progress of a miniaturization of the 

1 
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radio terminal, a size reduction of passive parts such as a 
filter built in an enclosure of the terminal is desired. In 
the filter utilizing the LC electric resonance, or the like 
that is often used particularly in the radio communication in 
5 recent years, a resonator size depends on an electric length. 
•As a result, such a problem lies that a miniaturization of the 
filter is difficult, and thus it is tried to grope for the new 
principle, of signal selection. 
[0004] 

10 Among various approaches, the development of the GHz band 

element using the magnetic material is stimulated. An attempt 
to use the magnetic material in the passive element aiming at 
the high frequency band from several hundreds MHz to several 
GHz band or more ranges up to the filter for the high-frequency 

15 transmission line. As its advantage, it may be listed that 
such filter using the magnetic metal material such as Fe, or 
the like is excellent in the temperature characteristic and 
the saturation magnetization and is suitable for the 
integration to IC. Recently it was reported that a wavelength 

20 shortening effect can be increased by introducing the magnetic 
metal, and thus the expectation is running high for the 
miniaturization of the element rises. 
[0005] 

As the filter using the magnetic material, there is 
25 Non-Patent Literature 1, for example. In this Non-Patent 
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Literature 1, the Fe/GaAs substrate hybrid microstrip line in 
which the microstrip line made of the ferromagnetic film 
containing Fe is formed on the GaAs substrate is constructed, 
and thus the 10 GHz band band-stop filter is realized by 
5 utilizing the ferromagnetic resonance phenomenon, A 
ferromagnetic resonance frequency f of this band-stop filter 
is given by Eq, (1) . Where y is a gyromagnetic constant 
(l.lOSxlO^g [A"^m-s"^], g : Land' e^ s factor ) , Ha is an anisotropic 
magnetic field (A/m) , Is is a saturation magnetic field (T) , 
10 and H is a DC bias magnetic field. 
[0006] 

The anisotropic magnetic field Ha is given by Eq. (2) from 
the crystal magnetic anisotropy constant Ki -48 kl/m^ and the 
saturation magnetization Is -2.15 T of the single crystal Fe 

15 film. Since g -2 in the transition metal Fe, the ferromagnetic 
resonance frequency becomes about 9.85 GHz when the external 
DC bias magnetic field H is zero. 

The ferromagnetic resonance frequency can be tuned by 
changing an intensity of the DC bias magnetic field H, and thus 

20 the tunable filter can be realized. 
[0007] 

Also, the value of the ferromagnetic resonance frequency 
depends on not only the intensity of the DC bias magnetic field 
H but also the vector thereof. Eq. (1) expresses the case where 
25 the high-frequency magnetic field generated by the strip line 
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current intersects orthogonally with the magnetic moment 
generated by the DC bias magnetic field. The ferromagnetic 
resonance does not occur when the high-frequency magnetic field 
and the magnetic moment are directed in the same direction. 
5 The vector of the DC bias magnetic field H must also be regarded. 
[0008] 

Non-Patent Literature 1: E. Schloemann et al., : J. Appl . 
> Phys., 63,3140 (1998) 

10 DISCLOSURE OF THE INVENTION 

PROBLEMS THAT THE INVENTION IS TO SOLVE 
[0009] 

However, in the filter recited in Non-Patent Literature 
1, once the materials are deposited such that the axis of easy 

15 magnetization of the magnetic material intersects 
orthogonally with the high-frequency magnetic field, it is 
impossible to vary the intensity and the direction of the DC 
bias magnetic field H thereafter. Thus, such a problem exists 
that the tunable filter cannot be realized at present. The 

20 tunable filtering effect is achieved experimentally by 
controlling the direction and the intensity of the 
magnetization of the magnetic material by means of a massive 
magnetic field applying equipment. Of course, such mechanism 
cannot be applied to the small-size device such as the mobile 

25 terminal. Also, the magnetic field applying coil flows a 
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current through there to increase the consumption power. Thus, 
such mechanism is also unsuitable for the mobile terminal from 
this aspect. Under such circumstances, there is the problem 
that it is hard for the technology in Non-Patent Literature 
5 1 to realize the tunable filter that can be applied to the mobile 
terminal . 
[0010] 

The present invention has been made in view of the above 
circumstances, and it is an object of the present invention 
• 10 to provide a tunable filter that is small in size, has a small 
consiimption power, and is capable of tuning a passing band 
(band-pass frequency) or a cut-off band (band-stop frequency) . 

That is, it is an object of the present invention to 
provide an electromechanical filter comprising an electrode 
15 acting as a signal line, a magnetic field generating portion, 
and a mechanism for moving these portions, and capable of not 
only selectively outputting only a signal at a predetermined 
frequency but also tuning a predetermined frequency. 

20 MEANS FOR SOLVING THE PROBLEMS 
[0011] 

In order to achieve the above object, in the present 
invention, a ferromagnetic resonance frequency is tuned by 
vector-modulating relatively a high-frequency magnetic field 
25 generated by a current flowing through a signal line and a DC 
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bias magnetic field intersecting with the above magnetic field . 
In other words, an electromechanical filter of the present 
invention includes an electrode acting as a signal line, a drive 
electrode arranged to oppose to the electrode, and a magnetic 
5 field generating portion formed to be relatively 
vector-displaced by an electric field generated between these 
electrodes, wherein either of these electrodes or the magnetic 

- - field generating portion can be moved, only the- signal having 
a predetermined frequency out of signals passing through the 

10 signal line can be selected and output, and also the 
predetermined frequency can be tuned, 
[0012] 

According to this configuration, the magnetic field 
generated by the magnetic field generating portion passing 

15 through the electrode constituting the signal line can be 
varied by displacing any one of the first and second electrodes 
and the magnetic field generating portion. Therefore, the 
tuning of the ferromagnetic resonance frequency, which is 
difficult to realize in the prior art, can be achieved and also 

20 the passing band or the cut-off band can be tuned only by the 
electric operation. 
[0013] 

According to this configuration, a filter having a signal 
filtering tunable function can be realized. 
25 [0014] 
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In the present invention, the technology of driving the 
electrodes and the magnetic field generating portion to 
displace mechanically can be realized by a beam formed by the 
MEMS (Micro Electro Mechanical Systems) technology, another 
5 beam or an electrode provided to this beam, a circuit portion 
having an electromechanical effect, and a magnetic field 
generating portion. 

[0015] . , . ... 

An electromechanical filter of the present invention, 
10 includes a conductor acting as a signal line, a magnetic field 
generating portion for generating a magnetic field passing 
through the conductor, and a drive electrode for changing the 
magnetic field passing through the signal line by displacing 
relative positions of the conductor and the magnetic field 
15 generating portion. 

According to this configuration, since the conductor, 
the drive electrode, or the magnetic field generating portion 
can be displaced by changing an electrostatic force by the drive 
electrode, or the like, the magnetic field passing through the 
20 signal line can be changed and thus the ferromagnetic resonance 
frequency can be easily adjusted. 
[0016] 

Also, in the electromechanical filter of the present 
invention, the conductor is an electrode that is arranged to 
25 oppose to the drive electrode and is displaced by an 
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electrostatic force generated between the drive electrode and 
the conductor. 

According to this configuration, the signal line can be 
easily displaced if such signal line is constructed by a fixed 
5 beam, and the ferromagnetic resonance frequency can be easily 
adjusted only by adjusting the potential applied to the drive 
electrode, and thus the tunable electromechanical filter can 
be formed. 
[0017] 

10 Also, in the electromechanical filter of the present 

invention, the magnetic field generating portion includes a 
magnetic material that is formed to be displaced. 

According to this configuration, the direction of the 
magnetic field can be easily changed, and thus the tunable 

15 electromechanical filter can be formed. Also, if the magnetic 
field generating portion is movable, the signal line can be 
fixed, and thus the signal line having a desired thickness can 
be formed on the substrate surface. Therefore, the 
electromechanical filter that is ready to manufacture and has 

20 the high durability can be formed. Also, the reliability can 
be further enhanced since the signal transmission line itself 
can be fixed. 
[0018] 

Also, in the electromechanical filter of the present 
25 invention, the magnetic material that is displaced by an 
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electrostatic force of the drive electrode. 

According to this configuration, the magnetic material 
can be displaced only by changing the potential of the drive 
electrode, and the change of the magnetic field can be easily 
5 realized. Therefore, the tunable electromechanical filter 
can be formed, 
[0019] 

Also/ in the electromechanical filter, of the present 
invention, the drive electrode is mo.vable* 

10 According to this configuration, a margin of design can 

be increased. If the drive electrode is movable, the signal 
line can be fixed. The magnetic field generating portion can 
be further displaced by the drive electrode that is displaced 
by an interaction between the signal line and the drive 

15 electrode. 
[0020] 

Also, the electromechanical filter of the present 
invention further includes a drive electrode formed on a 
substrate surface and constructed to vary a potential, a 

20 conductor pattern arranged on the drive electrode to oppose 
thereto at a predetermined interval to constitute the signal 
line, and a magnetic field generating portion comprising a 
magnetic material film pattern that is magnetized to have a 
magnetic filed component that intersects orthogonally with the 

25 signal line, wherein the signal line is displaced by changing 
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a potential of the drive electrode, and a ferromagnetic 
resonance frequency is changed by changing the magnetic field 
generated by the magnetic material film pattern on the signal 
line . 

5 According to this configuration, the signal line can be 

displaced easily by changing the potential of the drive 
electrode. As a result, the magnetic field that the signal 
line receives can be easily changed, and thus the tunable 
electromechanical filter can be formed. 
10 [0021] 

Also, in the electromechanical filter of the present 
invention, the drive electrode is constructed by a conductor 
pattern formed on an insulating film that covers a 
semiconductor substrate surface, and the signal line 
15 constitutes a fixed beam that is arranged to oppose to the drive 
electrode . 

According to this configuration, the workability can be 
improved, the magnetic field that the signal line receives can 
be changed easily, and thus the tunable electromechanical 
20 filter can be formed. 
[0022] 

Also, in the electromechanical filter of the present 
invention, the signal line is arranged in parallel with the 
drive electrode, and the magnetic material film pattern forms 
25 a magnetic field in a direction that intersects orthogonally 
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with the signal passing through the signal line. 

According to this configuration, the change of the 
magnetic field can be picked up to the maximum as a change of 
the resonance frequency, and thus the tunable 
electromechanical filter can be formed. 
[0023] 

Also, in the electromechanical filter of the present 
invention, the magnetic -material film pattern includes-^f irst 
and second magnetic material film patterns arranged to put the 
signal line therebetween. 

According to this configuration, the magnetic material 
can be displaced in two horizontal directions, and thus the 
tuning can be controlled with higher precision. 
[0024] 

Also, the electromechanical filter of the present 
invention further includes a magnetic field generating portion 
formed of a magnetic material film pattern formed on a substrate 
surface, a conductor pattern arranged movably on the magnetic 
material film pattern to oppose thereto at a predetermined 
interval to constitute the signal line, and a drive electrode 
arranged in close vicinity to the signal line, wherein the 
magnetic material film pattern is magnetized to have a magnetic 
field component that intersects orthogonally with the signal 
line, and the signal line is displaced by changing a potential 
of the drive electrode, and a ferromagnetic resonance frequency 
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is changed by changing the magnetic field generated by the 
magnetic material film pattern on the signal line. 

According to this configuration, the fine and tunable 
electromechanical filter with high reliability can be formed 
5 easily by the thin film process. 
[0025] 

Also, in the electromechanical filter of the present 
^invention, the magnetic material film pattern is formed on an 
insulating film that covers a semiconductor substrate surface, 
10 and the signal line constitutes a fixed beam that is arranged 
to oppose to the magnetic material film pattern. 

According to this configuration, the short-circuit can 
be prevented even though the signal line comes into contact 
with the semiconductor substrate because of its displacement. 
15 [0026] 

Also, in the electromechanical filter of the present 
invention, the signal line is arranged in parallel with the 
drive electrode, and the magnetic material film pattern 
generates a magnetic field in a direction that intersects 
20 orthogonally with the signal passing through the conductor 
pattern. 

According to this configuration, the high-sensitive 
tuning can be executed with high precision since the signal 
line intersects orthogonally with the magnetic field. 
25 [0027] 
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Also, in the electromechanical filter of the present 
invention, the drive electrode includes first and second 
conductor film patterns arranged to put the signal line 
therebetween . 

According to this configuration, the tuning can be 
controlled with high precision since the magnetic material can 
be displaced in two horizontal directions. 
[0028]. . - . „ 

Also the electromechanical filter of the present 
invention further includes a magnetic field generating portion 
formed of a magnetic material film pattern that is formed on 
a substrate surface movably in a space, a conductor pattern 
fixed/arranged onto the substrate to oppose to the magnetic 
material film pattern at a predetermined interval and to 
constitute the signal line, and a drive electrode arranged in 
close vicinity to the magnetic field generating portion to 
displace the magnetic field generating portion, wherein the 
magnetic material film pattern is magnetized to have a magnetic 
field component that intersects orthogonally with the signal 
line, the signal line is displaced by changing a potential of 
the drive electrode, and a ferromagnetic resonance frequency 
is changed by changing the magnetic field generated by the 
magnetic material film pattern on the signal line. 

According to this configuration, since the signal line 
having a desired thickness can be formed on the substrate 
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surface, the electromechanical filter that is easy to 
manufacture and has the high durability can be formed. Also, 
the reliability can be further enhanced. 
[0029] 

5 Also, in the electromechanical filter of the present 

invention, the signal line is formed over the magnetic material 
film pattern to oppose thereto at a predetermined interval. 
According to this configuration,, the. formation of . the 
ferromagnetic material can be facilitated. Since the 
10 formation of the ferromagnetic material can be accomplished 
by the lower layer step., the degradation of the electrode 
material, etc. that are ready to occur in forming the film of 
the ferromagnetic material. 
[0030] 

15 Also, the electromechanical filter of the present 

invention further includes first and second drive electrodes 
formed on a substrate surface and constructed to vary a 
potential, a conductor pattern arranged to oppose to the first 
drive electrode at a predetermined interval and to constitute 

20 the signal line, and a magnetic field generating portion 
comprising a magnetic material film pattern that is magnetized 
to have a magnetic field component that intersects orthogonally 
with the signal line, wherein the signal line is displaced by 
changing a potential of the first drive electrode, the magnetic 

25 material film pattern is displaced by changing a potential of 
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the second drive electrode, and a ferromagnetic resonance 
frequency is changed by changing the magnetic field generated 
by the magnetic material film pattern on the signal line. 

According to this configuration, since positions of the 
5 magnetic field and the signal line can be changed by the first 
and second drive electrodes respectively, the tuning can be 
executed with higher precision. 
[0031] - . 

Also, the electromechanical filter of the present 

10 invention further includes a first conductor acting as the 
signal line, a magnetic field generating portion for generating 
the magnetic field passing through the first conductor, a drive 
electrode for varying the magnetic field passing through the 
signal line by displacing relative positions of the first 

15 conductor and the magnetic field generating portion, and a 
second conductor acting as a signal line that transmits an 
induced electromotive force induced by a resonance between a 
magnetic field generated by a high-frequency current passing 
through the first conductor and the magnetic field generated 

20 by the magnetic field generating portion. 

According to this configuration, when the signal is input 
into the first conductor, the high-frequency magnetic field 
is generated around the magnetic field generating portion by 
the high-frequency current. The precession of the spin is 

25 excited in the magnetic field generating portion by the 
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high-frequency magnetic field (kittel mode) . An induced 
electromotive force is generated in the first conductor by the 
magnetic field generated in this mode. Then, the 
ferromagnetic resonance phenomenon occurs only when the signal 
5 of the ferromagnetic resonance frequency of the magnetic field 
generating portion is input, so that an angle of the precession 
of the spin in the magnetic field generating portion is 
maximized and also a magnitude of the induced electromoti-v.e 
force is maximized. In this manner, the second conductor can 
10 output the signal by the induced electromotive force, and thus 
only the signal of the particular frequency decided by the 
ferromagnetic resonance frequency can propagate to the second 
conductor. 
[0032] 

15 Also, in the electromechanical filter of the present 

invention, the first conductor and the second conductor are 
arranged to intersect orthogonally with each other. 

According to this configuration, an interference of 
mutual signals can be eliminated, and the signal output without 

20 noise can be realized. 
[0033] 

Also, in the electromechanical filter of the present 
invention, the first conductor and the second conductor are 
arranged in parallel at a predetermined interval. 
25 Accordingly, a reduction in size can be achieved. 
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[0034] 

Also, the electromechanical filter of the present 
invention contains the electromechanical filter that realizes 
a tunable band-pass filter function by aligning and connecting 
a plurality of the electromechanical filters. 
[0035] 

Also, the electromechanical filter of the present 
invention contains the electromechanical filter that realizes 
a tunable band-stop filter function by aligning and connecting 
a plurality of the electromechanical filters. 

ADVANTAGES OF THE INVENTION 
[0036] 

As described above, according to the present invention, 
an electrode serving as the signal line, a magnetic field 
generating portion, and a mechanism for moving these portions 
are provided. Therefore, only a signal of a predetermined 
frequency can be output selectively to pass or cut off, and 
the predetermined frequency can be tuned. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0037] 

[FIG. 1] (a) is a perspective view showing a configuration 
of an electromechanical filter in an embodiment 1 of the present 
invention, and (b) is a sectional view showing the 
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configuration of the electromechanical filter in the 
embodiment 1 of the present invention. 

[FIG. 2] A view showing a tunable filtering 
characteristic of the electromechanical filter in the 
5 embodiment 1 of the present invention, wherein (a) is a view 
showing a band-pass characteristic, and (b) is a view showing 
a band-stop characteristic. 

[FIG. 3] (a) is a perspective view showing a variation 
of the electromechanical filter in FIG.l, and (b) is a sectional 
10 view showing the variation of the electromechanical filter in 
FIG.l. 

[FIG. 4] A view showing the simulation result of a 
generation pattern of a DC bias magnetic field H formed by two 
magnetic materials 102. 
15 [FIG. 5] A view showing an intensity of the DC bias 

magnetic field H in respective positions in the z-direction 
when x=0 |im. 

[FIG. 6] A view showing an intensity of the DC bias 
magnetic field H in respective positions in the x-direction 

20 when z=110 \m in FIG. 4. 

[FIG. 7] Sectional views showing steps of manufacturing 
the electromechanical filter in the embodiment 1 of the present 
invention in stages. 

[FIG. 8] Sectional views showing steps of manufacturing 
25 the electromechanical filter in the embodiment 1 of the present 
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invention in stages. 

[FIG. 9] (a) is a perspective view showing a configuration 
of an electromechanical filter in an embodiment 2 of the present 
invention, and (b) is a sectional view showing the 
5 configuration of the electromechanical filter in the 
embodiment 2 of the present invention. 

[FIG. 10] (a) is a perspective view showing a 
- configuration of an electromechanical filter in an embodiment 

3 of the present invention, and (b) is a sectional view showing 
10 the configuration of the electromechanical filter in the 

embodiment 3 of the present invention. 

[FIG. 11] A view showing relative positions of the DC bias 
magnetic field and a fixed electrode when the magnetic material 
is moved. 

15 [FIG. 12] (a) is a perspective view showing a 

configuration of an electromechanical filter in an embodiment 

4 of the present invention, and (b) is a sectional view showing 
the configuration of the electromechanical filter in the 
embodiment 4 of the present invention. 

20 [FIG . 13] A view showing relative positions of the DC bias 

magnetic field and the movable electrode when the magnetic 
material and the movable electrode are moved. 

[FIG. 14] A perspective view showing a configuration of 
an electromechanical filter in an embodiment 5 of the present 

25 invention. 
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[FIG.15] A perspective view showing a configuration of 
a variation of the electromechanical filter in the embodiment 
5 of the present invention. 

DESCRIPTION OF REFERENCE NUMERALS AND SIGNS 

100, 100a, 400, 500, 600, 700, 800 electromechanical filter 

101 movable electrode 

102 magnetic material- • , . . 
103, 110 drive electrode 

104 post 

105, 108 spacer 

106 insulating film 

107 substrate 
109 stem 

111, 112 fixed electrode 

BEST MODE FOR CARRYING OUT THE INVENTION 
[0039] 

Respective embodiment of the present invention will be 
explained in detail with reference to the drawings hereinafter . 
(Embodiment 1) 

FIGS.l (a) and (b) are a perspective view and a sectional 
view showing a configuration of an electromechanical filter 
in an embodiment 1 of the present invention respectively. 
In an electromechanical filter 100, a magnetic generating 
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portion that generates a magnetic field to pass through a signal 
line is positioned with respect to the signal line, then 
relative positions of the signal line and the magnetic 
generating portion are displaced by an electrostatic force to 
change the magnetic field passing through the signal line, then 
the ferromagnetic resonance frequency is tuned by vector- 
modulating relatively a high-frequency magnetic field 
generated by a current passing through the signal- line and a 
DC bias magnetic field intersecting with the above magnetic 
field. Thus, a band-stop filter capable of tuning the 
ferromagnetic resonance frequency and also absorbing a signal 
of a particular frequency out of signals passing through a 
movable electrode 101 can be constructed, 
[0040] 

As shown in FIG. 1(a), in this electromechanical filter 
100, an insulating film 106 made of a double-layer film 
consisting of a silicon oxide film and a silicon nitride film 
is formed on a surface of a gallium arsenide (GaAs) substrate 
107, and then two posts 104 are arranged on edges of the 
substrate 107 to protrude therefrom. Then, the movable 
electrode 101 bridged over a space between the posts 104 to 
constitute a fixed beam, a signal input port IN for inputting 
the signal to the movable electrode 101, and a signal output 
port OUT for outputting the signal from the movable electrode 
101 to the outside are provided. 
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A drive electrode 103 is provided below the movable 
electrode 101 to oppose to the movable electrode 101. The 
movable electrode 101 can be displaced downward by the 
electrostatic force generated by a potential difference 
between the movable electrode 101 and the drive electrode 103. 
[0041] 

A magnetic material 102 is provided in a position, which 
is away from the movable electrode 101 by a predetermined 
distance, to apply the DC bias magnetic field H to the movable 
electrode 101. Since the magnetic material 102 must be 
provided in a position, which is optimized relatively to a 
displacement range of the movable electrode 101, to apply the 
desired DC bias magnetic field H to the movable electrode 101, 
such magnetic material 102 is provided on the GaAs substrate 
107 via a spacer 105. 
[0042] 

Next, a tunable filtering mechanism in this 
electromechanical filter 100 will be explained hereunder. 

FIG. 1(b) is a sectional view showing the configuration 
of the electromechanical filter in the embodiment 1 of the 
present invention. The signal input from the signal input port 
IN propagates through the movable electrode 101, and is output 
to the signal output port OUT. In this case, because the 
movable electrode is positioned in the DC bias magnetic field 
H generated by the magnetic material 102, a signal filtering 
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is generated by the ferromagnetic resonance phenomenon and thus 
only the signal of a particular frequency decided by the 
ferromagnetic resonance frequency can be transmitted to the 
signal output port OUT. Here, the signal of the ferromagnetic 
resonance frequency is absorbed and then the signal of the 
frequency except the ferromagnetic resonance frequency is 
transmitted. 

[0043]-. ^ - -. - ... 

In the electromechanical filter of the present invention, 
a tunable function as well as the signal filtering function 
is added. In order to tune the frequency of the signal that 
can pass through the filter, the ferromagnetic resonance 
frequency fr must be varied. For this purpose, the DC bias 
magnetic field H in Eq-. (1) expressing the ferromagnetic 
resonance frequency fr should be varied. 

= 2K, 11^ = 44JkA/m{= 560Oe) . . . Eq . { 2 ) 

[0045] 

As shown in FIG.l(b), the DC bias magnetic field H is 
generated radially from the magnetic material 102. In the 
electromechanical filter, the movable electrode 101 serving 
as the signal line can be set to move in the DC bias magnetic 
field H. A moving direction of the movable electrode 101 is 
indicated by VI . 
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According to such mechanism, the vector and the intensity 
of the DC bias magnetic field passing through the movable 
electrode can be varied, so that the ferromagnetic resonance 
frequency can be changed. 

5 [0046] 

FIGS. 2 (a) and (b) are views showing the tunable filtering 
characteristic of the electromechanical filter in the 
embodiment 1 of the present invention. In Figures, a band-pass 
characteristic and a band-stop characteristic are shown as an 

10 application of the electromechanical filter of the present 
invention. But the illustrated band-pass filter can be 
realized by connecting the electromechanical filters of the 
present invention in series. The frequency can be tuned to 
a low frequency fc' side and a high frequency fc' ' side from 

15 a filtering center frequency fc. 
[0047] 

In this case, since the center frequency of the filter 
characteristic and the tunable range depend on the DC bias 
magnetic field H in the displacement range of the movable 

20 electrode 101, initial states of the magnetic material 102 are 
important. The axis of easy magnetization decided by the 
depositing conditions of the magnetic material film and the 
magnetizing direction decided by the external magnetic field 
applied after the deposition of the magnetic material 102 must 

25 be set along the direction from the magnetic material 102 to 
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the movable electrode 101. Also, since the movable electrode 
101 is displaced in the desired DC bias magnetic field H, 
relative positions such as a distance between the movable 
electrode 101 and the magnetic material 102/ respective heights, 
etc. , a distance between the movable electrode 101 and the drive 
electrode 103, and shapes such as a thickness, a width, etc. 
of the magnetic material 102 to generate the desired DC bias 
magnetic field H must be optimized in response to the required 
tunable filter characteristic. 
[0048] 

In this manner, according to the electromechanical 
filter 100, only the signal of the predetermined frequency can 
be selected and output, and the predetermined frequency can 
be tuned. 
[0049] 

FIGS. 3 (a) and (b) are a perspective view and a sectional 
view showing a variation of the electromechanical filter in 
the embodiment 1 of the present invention respectively. 

In the electromechanical filter 100 shown in the 
embodiment 1, the DC bias magnetic field H is generated by one 
magnetic material 102. In contrast, as shown in FIG. 3 (a), in 
an electromechanical filter 100a as a variation of the 
electromechanical filter in the embodiment 1, the DC bias 
magnetic field H different from that in the electromechanical 
filter 100 is generated by positioning two magnetic materials 
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102 to put the movable electrode 101 between them. 
[0050] 

As apparent from FIG. 3(b) , it is understood that the DC 
bias magnetic field H is generated across the movable electrode 
5 101. In this case, control and magnetization of the axis of 
easy magnetization must be applied to magnetize both two 
magnetic materials 102 in the same direction. 
. - [0051] .. - > . . . . ■ . 

FIG. 4 is the simulation result of a generated pattern 

10 of the DC bias magnetic field H formed by two magnetic materials 
102 . Where, x is a horizontal direction of a substrate surface, 
and z is a vertical direction to the substrate surface. By 
way of example, the case where two magnetic materials 102 each 
having a diameter 100 ^m and a length 100 |Lim are arranged at 

15 a distance of 50 |am is illustrated. A length direction is set 
in the x-direction. The magnetization M of two magnetic 
materials 102 is set in the same direction in the x-direction, 
and lines of magnetic force generated from the magnetic 
materials 102 respectively are coupled together to form the 

20 DC bias magnetic field H. A curve denotes a line of magnetic 
force and a shade of color denotes an intensity of the DC bias 
magnetic field H. Thus, the DC bias magnetic field H becomes 
stronger as a density of the line of magnetic force is denser 
and the color is lighter. 

25 [0052] 
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In FIG, 5, an intensity of the DC bias magnetic field H 
in respective positions in the z-direction when x=0 |jin is shown. 
It can be seen that, when the position is moved downward by 
several tens |im from the initial position of z=100 |Lim, the 
intensity of the DC bias magnetic field H is changed by several 

100 Oe . For example, the DC bias magnetic field H can be changed 

by 100 Oe at an amount of downward displacement of 20 nm or 

less in the z-direction, 

[0053] 

The ferromagnetic resonance frequency fr and the tuning 
range of the resonance frequency when the movable electrode 

101 is moved in such DC bias magnetic field H are calculated. 
The ferromagnetic resonance frequency fr is given by above 
Eq. (1) . Where y is a gyromagnetic constant (1.1 05x1 O^g [A'^m 
•s"^], g: Land'e's factor). Ha is an anisotropic magnetic field 
(A/m) , Is is a saturation magnetic field (T) , and H is the DC 
bias magnetic field. When the single crystal Fe film serving 
as the ferromagnetic material is used as the magnetic materials 
102, the anisotropic magnetic field Ha is given by Eq. (2) from 
the crystal magnetic anisotropy constant Ki-'48 kl/m^ and the 
saturation magnetization Is'-2.15 T. In the transition metal 
Fe, g'-2 is given. 

[0054] 

When the movable electrode 101 is positioned at the 
initial position of z=100 |im, the ferromagnetic resonance 
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frequency becomes about 9.85 GHz because the external DC bias 
magnetic field H is zero. Then, in order to tune the resonance 
frequency, a voltage is applied between the movable electrode 
101 and the drive electrode 103 to move downward the movable 
5 electrode 101 by an electrostatic force. When the movable 
electrode 101 is displaced by about 20 |jim and positioned at 
z=80 |j,m, the DC bias magnetic field H is 100 Oe and the resonance 
frequency is about 10.72 GHz. That is, a tuning range o.f about- 
1 GHz can be accomplished by an amount of displacement of about 

10 20 |am of the movable electrode 101. 
[0055] 

In addition, since the intensity of the DC bias magnetic 
field H is changed several 100 Oe in the position where the 
movable electrode 101 is moved from the initial position of 

15 z=100 |jm by several tens ixmr a large tuning range of about 10 
GHz can also be accomplished. 
[0056] 

Here, when the linear change of the resonance frequency 
with respect to a movement of the movable electrode 101 is 

20 requested, a range in which a relationship between the position 
and the DC bias magnetic field H is linear should be applied. 
Also, when the tuning is excessively sharp with respect to the 
position, a range in which a relationship between the position 
and the DC bias magnetic field H is gentle should be applied. 

25 In this case, controllability of the resonance frequency can 
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be improved. 
[0057] 

As described above, the ferromagnetic resonance 
frequency can be tuned by changing the intensity of the DC bias 
5 magnetic field H, so that the tunable filter can be realized, 
[0058] 

In this case, FIG. 3 (b) shows an example, various DC bias 
magnetic fields H can be formed by changing the number and the- 
position of the magnetic materials. For example,, the 

10 intensity of the DC bias magnetic field H in respective 
positions in the x-direction when z=110 (om in FIG. 4 is shown 
in FIG. 6. A behavior of the intensity of the DC bias magnetic 
field H with respect to the position is largely different from 
FIG. 5. Thus, if the movable electrode 101 is driven in the 

15 x-direction, the device whose ferromagnetic resonance 
frequency and tuning range of the resonance frequency are 
different can also be realized (This particular example is 
shown in an embodiment 2) . 
[0059] 

20 As described above, if the vector and the intensity of 

the DC bias magnetic field H passing through the movable 
electrode 101 are controlled, the center frequency of the 
filter characteristic and the tunable range of the center 
frequency can be controlled. 

25 [0060] 
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Here, a width of the movable electrode 101 can be set 
to about 45 |am, which is smaller than 50 ^m, such that the movable 
electrode 101 can enter into a space between the magnetic 
materials 102, and also a thickness of 0.7 jim and a length of 
5 500 urn, which constitute a high aspect ratio, can be set to 
lower a spring force such that a large amount of displacement 
can be obtained by a low voltage. In this case, because the 

- -movable electrode 101 may be displaced only over the-magnetic 

materials 102, respective sizes are not always limited to above 
10 values. 
[0061] 

Also, the driving method is not restricted to the 
electrostatic force driving. A piezoelectric force driving, 
a Lorentz force driving, or the like, which does not depend 

15 on an interval between the movable electrode 101 and the drive 
electrode 103, may be employed. Also, a mechanism for fixing 
the movable electrode 101 to a predetermined position may be 
provided. As a driving method in that mechanism, the 
electrostatic force driving, the piezoelectric force driving, 

20 the Lorentz force driving, or the like may be employed. 
[0062] 

In the electromechanical filter 100a in the present 
embodiment, the same names and symbols are affixed to the same 
portions as those in the electromechanical filter 100 in the 
25 embodiment 1, and their explanation will be omitted herein. 
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[0063] 

Next, a method of manufacturing the electromechanical 
filter 100a shown in the embodiment 1 will be explained 
hereunder. 

5 FIGS. 7 (a) to (i) are sectional views showing steps of 

manufacturing the electromechanical filter in the embodiment 
1 of the present invention in stages. 

-[0064] . : . , . 

First, as shown in FIG. 7 (a), for example, the insulating 
10 film 106 m;ade of a double-layer film consisting of a silicon 
oxide film and a silicon nitride film is formed on the substrate 
107 such as the GaAs substrate, or the like. Then, a silicon 
oxide film 105a used as the spacer material acting as the spacer 
105 is formed by the sputter. 
15 [0065] 

Then, as shown in FIG. 7(b), a photoresist 301 used to 
form the silicon oxide film 105a by the dry etching is patterned 
by the photolithography. 
[0066] 

20 Then, the silicon oxide film 105a as the spacer material 

is dry-etched by using the photoresist 301 as a mask, and then 
the photoresist 301 is removed by the ashing. As shown in 
FIG. 7(c), the silicon oxide film 105a left on the substrate 
107 after the photoresist 301 is removed in this manner gives 

25 the spacer 105. 
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[0067] 

Then, the magnetic materials 102 will be formed 
hereunder . 

As shown in FIG.7(d)/ a magnetic thin film 102a made of 
5 Fe, Co, Ni, or the like is deposited on the spacers 105 and 
the insulating film 106 by the sputter. Then, a photoresist 
302 used to form a magnetic material pattern by the 
photolithography is .formed thereon. • . . - - . 

[0068] 

10 Then, the magnetic thin film 102a is dry-etched, and the 

photoresist 302 is removed by the ashing. Thus, as shown in 
FIG. 7(e), the magnetic material 102 is formed on the spacers 

105 respectively. 
[0069] 

15 Then, the drive electrode 103 will be formed hereunder. 

As shown in FIG. 7 (f) , a metal thin film 103a made of Al, 
or the lilce is deposited on an overall surface of the substrate, 
on which the magnetic materials 102 and the insulating film 

106 are formed, by the sputter. Then, a photoresist 303 that 
20 is patterned into a drive electrode pattern by the 

photolithography is formed thereon. 
[0070] 

Then, the metal thin film 103a is dry-etched, and the 
photoresist 303 is removed by the ashing. Thus, as shown in 
25 FIG.7(g), the magnetic material 102 is formed on the spacers 
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105 respectively. 
[0071] 

Finally, the movable electrode 101 will be formed 
hereunder. 

5 As shown in FIG. 7 (h) , a photoresist 304 that is patterned 

into sacrifice layer patterns is formed on the magnetic 
materials 102, the drive electrode 103, and the insulating film 
106. Then, a metal thin film 101a -such as Al, or the ILke is 
deposited by the sputter, and then a photoresist 305 that is 
10 patterned into a movable electrode pattern by the 
photolithography is formed thereon. 
[0072] 

Then, the metal thin film 101a is dry-etched, and the 
photoresist 304 is removed by the ashing. Thus, as shown in 
15 FIG. 7 (i) , the movable electrode 101 having a hollow structure 
is formed. 

Here, in case it is assured that there is no possibility 
that a large loss occurs even when the high-frequency signal 
that propagates through the movable electrode 101 acting as 
20 the signal line also propagates over the substrate 107, the 
insulating film 106 may be omitted. 
[0073] 

Also, a multistage filter configuration in which the 
electromechanical filters of the present invention are 
25 connected in parallel or in series may be employed. 
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[0074] 

Also, as the magnetic field generating portion, a coil 
may be formed in place of the magnetic material 102 to generate 
the similar DC bias magnetic field H. Also, the variable DC 
5 bias magnetic field H or the AC bias magnetic field may be 
generated by using a variable inductor constructed by the MEMS 
technology, 

[0075] . . . , 

Also, in the embodiment 1, one drive electrode 103 is 

10 provided and then the movable electrode 101 constituting the 
signal line is moved in one vertical direction. But a plurality 
of drive electrodes 103 may be provided and then the moving 
direction VI of the movable electrode 101 may be set in plural 
directions. 

15 [0076] 

(Embodiment 2) 

FIGS. 9 (a) and (b) is a perspective view and a sectional 
view showing a configuration of an electromechanical filter 
in an embodiment 2 of the present invention respectively. 

20 In the present embodiment, as described above, a 

plurality of drive electrodes 103 are provided and then the 
moving direction VI of the movable electrode 101 are set in 
plural directions. The magnetic material is formed on the 
surface of the substrate such that the magnetic material 102 

25 is positioned just below the movable electrode 101. In other 

34 

:::::3T av^s^ilable copy 



words, the drive electrodes 103 are provided on both sides to 
put the movable electrode 101 constituting the signal line 
between them, and the magnetic material 102 is arranged just 
below this signal line such that the magnetic field is applied 
5 in the direction perpendicular to the substrate, 
[0077] 

In an electromechanical filter 400, as shown in FIG .9(a), 
the movable electrode 101 bridged- over the space between the 
posts 104, the signal input port IN for inputting the signal 
10 into the movable electrode 101, and the signal output port OUT 
for outputting the signal from the movable electrode 101 to 
the outside are provided on the substrate 107 on the surface 
of which the insulating film 106 is formed, 
[0078] 

15 The drive electrodes 103 are provided on both sides of 

the movable electrode 101 to put the movable electrode 101 
between them. Thus, the movable electrode 101 can be moved 
in two horizontal directions VI by the electrostatic force 
generated by a potential difference between the movable 

20 electrode 101 and the drive electrodes 103. Since the drive 
electrodes 103 must provide a desired driving force to the 
movable electrode 101, they are provided on the substrate 107 
via a spacer 108 respectively in such a manner that they are 
provided in positions that are optimized relatively to the 

25 movable electrode 101. 
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[0079] 

The magnetic material 102 for applying the DC bias 
magnetic field H to the movable electrode 101 is provided below 
the movable electrode 101. 
5 [0080] 

In the electromechanical filter 100 and the 
electromechanical filter 100a in the embodiment 1, the DC bias 
magnetic field H is applied along the hor-Lz.onta.1 direction and - 
the moving direction of the movable electrode 101 is set in 
10 the vertical direction. In contrast, in the electromechanical 
filter 400 in the embodiment 2, the DC bias magnetic field H 
is applied along the vertical direction and the moving 
direction of the movable electrode 101 is set in the horizontal 
direction. 

15 In this manner, the profile of the DC bias magnetic field 

H and the moving direction and the moving range of the movable 
electrode 101 moved in such magnetic field, that the 
configurations of the electromechanical filter 100 and the 
electromechanical filter 100a in the embodiment 1 and the 

20 method of manufacturing the same are difficult to constitute, 
can be realized by changing the configuration. 
[0081] 

Next, the tunable filtering mechanism in the 
electromechanical filter 400 will be explained hereunder. 
25 FIG. 9(b) is a sectional view showing the configuration 
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of the electromechanical filter in the embodiment 2 of the 
present invention. In this example, the carbon nanotube is 
employed. The signal being input from the signal input port 
IN propagates through the movable electrode 101, and is output 
to the signal output port OUT. In this case, since the movable 
electrode is positioned in the DC bias magnetic field H that 
the magnetic material 102 generates, the signal filtering due 
to the ferromagnetic resonance phenomenon occurs ,-. Thus, ^ anl-y. .- 
the signal of the particular frequency that is decided by the 
ferromagnetic resonance frequency can propagate to the signal 
output port OUT. 
[0082] 

In addition to this signal filtering function, a tunable 
function is added to the electromechanical filter of the 
present invention. The ferromagnetic resonance frequency fr 
must be varied to make the frequency of the signal that can 
pass through the filter tunable. For that purpose, the DC bias 
magnetic field H in Eq. (1) expressing the ferromagnetic 
resonance frequency fr should be made variable. 
[0083] 

As shown in FIG. 9(b), the DC bias magnetic field H is 
generated radially from the magnetic material 102. In the 
electromechanical filter of the present invention, the movable 
electrode 101 as the signal line can be moved in the DC bias 
magnetic field H. The moving direction of the movable 
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electrode 101 is indicated by VI. 

According to such mechanism, the vector and the intensity 
of the DC bias magnetic field H that pass through the movable 
electrode can be varied and also the ferromagnetic resonance 
frequency can be changed. 



.characteristic- and the tunable range depend- on *the infeensity- 
and the vector of the DC bias magnetic field H in the 
displacement range of the movable electrode 101. Therefore, 
the axis of easy magnetization decided by the deposition 
conditions of the magnetic material 102 and the magnetization 
direction decided by the external magnetic field applied after 
the magnetic material 102 is deposited must be directed from 
the magnetic material 102 to the movable electrode 101. Also, 
since the movable electrode 101 moves in the desired DC bias 
magnetic field H, relative positions such as a distance between 
the movable electrode 101 and the magnetic material 102, 
heights, etc., a distance between the movable electrode 101 
and the drive electrode 103, and shapes such as a thickness, 
a width, etc. of the magnetic material 102 used to generate 
the desired DC bias magnetic field H must be optimized in 
response to the required tunable filter characteristic. 



[0084] 



In this case, the center frequency of this filtering 



[0085] 



In this manner, according to the electromechanical 
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filter 400, only the signal of a predetermined frequency can 
be selected and output, and the predetermined frequency can 
be tuned. 

As for the method of manufacturing the electromechanical 
filter 400, the unif ormalization of the manufacture and the 
manufacturing method can be attained if simply the magnetic 
thin film 102a and the metal thin film 103a used in the method 
of. manuf aoturing,. the electromechanical f ilte-r.^ 100 ar the^ 
electromechanical filter 100a are replaced with the metal thin 
film 103a made of Al, or the like and the magnetic thin film 
102 made of Fe, Co, Ni, or the like respectively. 
[0086] 

In this case, a multistage filter configuration in which 
the electromechanical filters of the present invention are 
connected in parallel or in series may be employed. 
[0087] 

Also, as the magnetic field generating portion, a coil 
may be formed in place of the magnetic material 102 to generate 
the similar DC bias magnetic field H. Also, the variable DC 
bias magnetic field H or the AC bias magnetic field may be 
generated by using the variable inductor constructed by the 
MEMS technology. 
[0088] 

Also, in the embodiment 2, two drive electrodes 103 are 
provided and the movable electrode 101 can be moved in two 
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horizontal directions. Either of two drive electrodes 103 may 
be employed^ and either of two directions may be employed as 
the moving direction VI of the movable electrode 101, 
[0089] 

Also, in the embodiment 2, two drive electrodes 103 are 
provided and the movable electrode 101 can be moved in two 
horizontal directions, A plurality of drive electrodes 103 
may be employed., and the moving direction V.l- of the movabl.e- 
electrode 101 may be set in plural directions. 
[0090] 

Also, formation of the fine high-precision beam with good 
workability can be facilitated by using the carbon nanotube. 
[0091] 

(Embodiment 3) 

FIGS .10 (a) and (b) are a perspective view and a sectional 
view showing a configuration of an electromechanical filter 
in an embodiment 3 of the present invention respectively. 

In an electromechanical filter 500 shown in FIG. 10 (a), 
a fixed electrode 111 bridged over the space between the posts 
104, a signal input port IN for inputting the signal into the 
fixed electrode 111, and a signal output port OUT for outputting 
the signal from the fixed electrode 111 to the outside are 
provided on the substrate 107 on the surface of which the 
insulating film 106 is formed. 
[0092] 
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The magnetic material 102 for applying the DC bias 
magnetic field H to the fixed electrode 111 is provided below 
the fixed electrode 111 . The magnetic material 102 is provided 
on a stem 109. A drive electrode 110 for moving the magnetic 
material 102 is provided on the substrate on both sides of the 
magnetic material 102. The magnetic material 102 is turned 
by the electrostatic force, which is generated due to a 
-potential difference- between- the magne.tic material 102 and-the 
drive electrodes 110, in two rotational directions. 
[0093] 

In the electromechanical filter 100, the 
electromechanical filter 100a, and the electromechanical 
filter 400 in the embodiment 1 and the embodiment 2, the DC 
bias magnetic field H is fixed and the movable electrode 101 
is moved. In contrast, in the electromechanical filter 500 
in the embodiment 3, the DC bias magnetic field H is movable 
and the movable electrode 101 is provided as the fixed electrode 
111. In either case, the movable electrode is formed to create 
a bridge. But the fixed electrode 111 can have a large 
thickness of a beam to avoid a variation and can improve 
durability and reliability. In this manner, the profile of 
the DC bias magnetic field H and the relative position of the 
fixed electrode 111 as the signal line positioned in such 
magnetic field, that the configurations of the 
electromechanical filter 100, the electromechanical filter 
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100a, and the electromechanical filter 400 in the embodiment 
1 and the embodiment 2 and the method of manufacturing the same 
are difficult to realize, can be realized by changing the 
configuration • 
5 [0094] 

Also, in the embodiment 3, the fixed electrode is formed 
like a bridge. But the fixed electrode may be formed by the 
- . conductor pattern- formed on the surface of the- substrate, then . 
the stem 109 made of the insulating material may be formed 
10 thereon, and then the magnetic material pattern that is moved 
around the stem 109 as a fulcrum may be formed in the same way 
as shown in FIGS. 10 (a) and (b) . 
[0095] 

Further, in case at least an outer wall of the stem 109 
15 is made of the insulating material, the fixed electrode can 
be formed on the stem 109 in a self -alignment manner with the 
stem 109. Therefore, the number of times of the 
photolithography steps can be reduced, the drive electrode 
(fixed electrode) can be arranged in close vicinity to the 
2 0 magnetic material pattern, and thus an enhancement of the 
electrostatic force as well as a reduction in an occupied area 
can be achieved. 
[0096] 

Next, the tunable filtering mechanism in the 
25 electromechanical filter 500 in the embodiment 3 of the present 
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invention will be explained hereunder. 

FIG. 10(b) is a sectional view showing the configuration 
of the electromechanical filter in the embodiment 3 of the 
present invention. FIG. 10(b) is a longitudinal sectional view 
showing the configuration of the electromechanical filter 
using the carbon nanotube. The signal being input from the 
signal input port IN propagates through the fixed electrode 
-^111, and is o-utput to the signal-^output -port OUT. -In this case-^^ 
since the movable electrode is positioned in the DC bias 
magnetic field H that the magnetic material 102 generates, the 
signal filtering due to the ferromagnetic resonance phenomenon 
occurs . Thus, only the signal of the particular frequency that 
is decided by the ferromagnetic resonance frequency can 
propagate to the signal output port OUT. 
[0097] 

In addition to this signal filtering function, a tunable 
function is added to the electromechanical filter of the 
present invention. The ferromagnetic resonance frequency fr 
must be varied to make the frequency of the signal that can 
pass through the filter tunable. For that purpose, the DC bias 
magnetic field H in Eq. (1) expressing the ferromagnetic 
resonance frequency fr should be set variable. 
[0098] 

As shown in FIG. 10(b), the DC bias magnetic field H is 
generated radially from the magnetic material 102. In the 
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electromechanical filter of the present invention, since the 
magnetic material 102 is movable, relative positions of the 
DC bias magnetic field H and the fixed electrode 111 as the 
signal line can be varied. The moving direction of the magnetic 
material 102 is indicated by V2 . 
[0099] 

FIG. 11 is a view showing relative positions of the DC 
-bias magnetic -field and -the fixed-electrode -111 .when -the 
magnetic material 102 is moved. It can be seen that the vector 
(the direction and the intensity) of the DC bias magnetic field 
H passing through the fixed electrode 111 is changed. 
[0100] 

According to such mechanism, the direction and the 
intensity of the DC bias magnetic field H passing through the 
fixed electrode can be varied and also the ferromagnetic 
resonance frequency can be changed. 

In this case, the center frequency of this filtering 
characteristic and the tunable range depend on the intensity 
and the direction of the DC bias magnetic field H in the 
displacement range of the movable electrode 101. Therefore, 
the axis of easy magnetization decided by the deposition 
conditions of the magnetic material 102 and the magnetization 
direction decided by the external magnetic field applied after 
the magnetic material 102 is deposited must be directed from 
the magnetic material 102 to the fixed electrode 111. Also, 
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since the fixed electrode 111 moves in the desired DC bias 
magnetic field H, relative positions such as a distance between 
the fixed electrode 111 and the magnetic material 102, heights, 
etc., and shapes such as a thickness, a width, etc. of the 
magnetic material 102 used to generate the desired DC bias 
magnetic field H must be optimized in response to the required 
tunable filter characteristic. 

[01-01] 

In this manner, according to the electromechanical 
filter 500, only the signal having a predetermined frequency 
can be selected and output, and the predetermined frequency 
can be tuned. 
[0102] 

In this case, a multistage filter configuration in which 
the electromechanical filters of the present invention are 
connected in parallel or in series may be constructed. 

Also, in the present embodiment, as the magnetic field 
generating portion, the coil may be formed in place of the 
magnetic material 102 to generate the similar DC bias magnetic 
field H. Also, the variable DC bias magnetic field H or the 
AC bias magnetic field may be generated by using the variable 
inductor constructed by the MEMS technology. 
[0103] 

Also, in the embodiment 3, two drive electrodes 110 are 
provided and the magnetic material 102 can be turned in two 
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rotational directions. Either of two drive electrodes 110 may 
be employed, and either of two directions may be employed as 
the moving direction V2 of the magnetic material 102. 

Also, in the embodiment 3, two drive electrodes 110 are 
provided and the magnetic material 102 can be turned in two 
rotational directions. A plurality of drive electrodes 110 
may be employed, and the moving direction V2 of the magnetic 
material 102 may be set in plural direct-icns. 
[0104] 

( Embodiment 4 ) 

FIGS. 12 (a) and (b) are a perspective view and a sectional 
view showing a configuration of an electromechanical filter 
in an embodiment 4 of the present invention respectively. 
[0105] 

In an electromechanical filter 600 shown in FIG. 12 (a), 
the drive electrode 110 for driving further the magnetic 
material 102 by the electrostatic force in two horizontal 
directions is added to the configuration in the embodiment 3 
such that the magnetic material 102 can be displaced in two 
rotational directions and two horizontal directions, so that 
the tuning can be controlled with high precision at a high 
degree of freedom. 
[0106] 

That is, the movable electrode 101 bridged over the space 
between the posts 104, the signal input port IN for inputting 
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the signal into the movable electrode 101, and the signal output 
port OUT for outputting the signal from the movable electrode 
101 to the outside are provided on the substrate 107 on the 
surface of which the insulating film 106 is formed. 
5 The magnetic material 102 for applying the DC bias 

magnetic field H to the movable electrode 101 is provided below 
the movable electrode 101. The magnetic material 102 is 
pro^j^ided on the stem 109. The drive electrode 110. for moving 
the magnetic material 102 is provided on the substrate on both 
10 sides of the magnetic material 102. The magnetic material 102 
is turned by the electrostatic force, which is generated due 
to a potential difference between the magnetic material 102 
and the drive electrodes 110, in two rotational directions. 
[0107] 

15 Meanwhile, the drive electrodes 103 are provided on both 

sides of the movable electrode 101 to put the drive electrodes 
110 between them. Thus, the movable electrode 101 can be moved 
in two horizontal directions by the electrostatic force that 
is generated by a potential difference between the movable 

20 electrode 101 and the drive electrodes 103. Since the drive 
electrodes 103 must provide the desired driving force to the 
movable electrode 101, they are provided on the substrate 107 
via the spacer 108 respectively in such a manner that they are 
provided in positions that are optimized relatively to the 

25 movable electrode 101. 
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[0108] 

In this manner, in the electromechanical filter 100, the 
electromechanical filter 100a, the electromechanical filter 
400, and the electromechanical filter 500 in the embodiment 
5 1, the embodiment 2, and the embodiment 3, either the DC bias 
magnetic field H or the movable electrode 101 and the fixed 
electrode 111 as the signal line can be moved. In contrast, 
in^the electromechanical Xilter 600 in the embodiment 4, -both ■ • ... 
the DC bias magnetic field H and the movable electrode 101 can 

10 be moved. In this manner, the profile of the DC bias magnetic 
field H and the relative positions of the movable electrode 
101 as the signal line positioned in such magnetic field and 
the magnetic material 102, that the configurations of the 
electromechanical filter 100, the electromechanical filter 

15 100a, the electromechanical filter 400, and the 
electromechanical filter 500 in the embodiment 1, the 
embodiment 2, and the embodiment 3 and the method of 
manufacturing the same are difficult to realize, can be 
realized by changing the configuration. 

20 [0109] 

Next, the tunable filtering mechanism in the 
electromechanical filter 600 will be explained hereunder. 

FIG. 12(b) is a sectional view showing the configuration 
of the electromechanical filter in the embodiment 4 of the 
25 present invention. FIG. 12 (b) is a longitudinal sectional view 
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showing the configuration of the electromechanical filter 
using the carbon nanotube. The signal being input from the 
signal input port IN propagates through the movable electrode 
101, and is output to the signal output port OUT, In this case, 
since the movable electrode is positioned in the DC bias 
magnetic field H that the magnetic material 102 generates, the 
signal filtering due to the ferromagnetic resonance phenomenon 
- occurs. Thus, the signal-of a particular fxequency is-absorbed- 
by the ferromagnetic resonance frequency, and only the signal 
of the remaining particular frequency can propagate to the 
signal output port OUT, 
[0110] 

In addition to this signal filtering function, the 
tunable function is added to the electromechanical filter of 
the present invention. The ferromagnetic resonance frequency 
fr must be varied to make the frequency of the signal that can 
pass through the filter tunable. For that purpose, the DC bias 
magnetic field H in Eq. (1) expressing the ferromagnetic 
resonance frequency fr should be set variable. 
[0111] 

As shown in FIG.12(b), the DC bias magnetic field H is 
generated radially from the magnetic material 102. In the 
electromechanical filter of the present invention, since the 
magnetic material 102 is movable, relative positions of the 
DC bias magnetic field H and the movable electrode 101 as the 
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signal line can be varied . The moving direction of the magnetic 
material 102 is indicated by V2 . 

Also, in the electromechanical filter of the present 
invention, the movable electrode 101 as the signal line can 
be moved simultaneously in the DC bias magnetic field H. The 
moving direction of the movable electrode 101 is indicated by 
VI. 

[0112] . - - . 

FIG,13 is a view showing relative positions of the DC 
bias magnetic field H and the movable electrode 101 when the 
magnetic material 102 and the movable electrode 101 are moved. 
It is understood from a comparison between FIG. 13 and FIG. 12 (b) 
that the vector and the intensity of the DC bias magnetic field 
H passing through the movable electrode 101 are varied. 

According to such mechanism, the vector and the intensity 
of the DC bias magnetic field passing through the fixed 
electrode can be varied, so that the ferromagnetic resonance 
frequency can be changed. 
[0113] 

In this case, since the center frequency of the filter 
characteristic and the tunable range depend on the intensity 
and the vector of the DC bias magnetic field H in the 
displacement range of the movable electrode 101 and the 
magnetic material 102, the axis of easy magnetization decided 
by the depositing conditions of the magnetic material 102 and 
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the magnetizing direction decided by the external magnetic 
field applied after the deposition of the magnetic material 
102 must be set along the direction from the magnetic material 
102 to the movable electrode 101. Also, since the movable 
5 electrode 101 is moved in the desired DC bias magnetic field 
H, relative positions such as a distance between the movable 
electrode 101 and the magnetic material 102, respective heights, 
etc., and shapes such as a thickness, a -width, etc.- of the 
magnetic material 102 to generate the desired DC bias magnetic 

10 field H must be optimized in response to the required tunable 
filter characteristic . 

In this manner, according to the electromechanical 
filter 600, only the signal of the predetermined frequency can 
be selected and output, and the predetermined frequency can 

15 be tuned. 
[0114] 

Also, the multistage filter configuration in which the 
electromechanical filters of the present invention are 
connected in parallel or in series may be employed. 

20 Also, as the magnetic field generating portion, the coil 

may be formed in place of the magnetic material 102 to generate 
the similar DC bias magnetic field H. Also, the variable DC 
bias magnetic field H or the AC bias magnetic field may be 
generated by using the variable inductor constructed by the 

25 MEMS technology. 
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[0115] 

Also, in the embodiment 4, two drive electrodes 110 are 
provided and the magnetic material 102 can be turned in two 
rotational directions. Either of two drive electrodes 110 may 
5 be employed, and either of two directions may be employed as 
the moving direction V2 of the magnetic material 102. 
[0116] 

. . Also, in the embodiment 4, two -drive electrodes 103.. are 

provided and the movable electrode 101 can be moved in two 
10 horizontal directions. Either of two drive electrodes 103 may 
be employed/ and either of two directions may be employed as 
the moving direction VI of the movable electrode 101. 
[0117] 

Also, in the embodiment 4, two drive electrodes 110 are 
15 provided and the magnetic material 102 can be turned in two 
rotational directions. A plurality of drive electrodes 110 
may be employed, and the moving direction V2 of the magnetic 
material may be set in plural directions. 

Also, in the embodiment 4, two drive electrodes 103 are 
20 provided and the movable electrode 101 can be moved in two 
horizontal directions. A plurality of drive electrodes 103 
may be provided, and then the moving direction VI of the movable 
electrode 101 may be set in plural directions. 
[0118] 

25 (Embodiment 5) 
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FIG. 14 is a perspective view showing a configuration of 
an electromechanical filter in an embodiment 5 of the present 
invention. 

In the above embodiments, the filters in which the signal of 
the particular frequency out of the signals that propagate 
through one signal line is stopped by the ferromagnetic 
resonance and remaining signals are output are explained. In 
contrast, in the present embodiment, the tuning of .the. signal ^ - 
can be realized by an induced electromotive force of the input 
signal . 

More particularly, the high-frequency magnetic field is 
generated around the fixed electrode 111 as the signal line 
by the high-frequency current to excite a precession of the 
spin excited in the magnetic material 102 by the high-frequency 
magnetic field, then a fixed electrode 112 as the output signal 
line is arranged in the area in which such electrode can receive 
the magnetic field of the signal line and the magnetic field 
generated by the precession of the spin of the magnetic material 
102 by utilizing such a phenomenon that an angle of the 
precession in the magnetic material 102 is maximized by the 
ferromagnetic resonance phenomenon, and then the signal can 
propagate to the signal output port OUT only when the induced 
electromotive force produced by this resonance exceeds a 
predetermined magnitude, whereby a band-stop filter can be 
constructed. 
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[0119] 

In an electromechanical filter 700 shown in FIG. 14, the 
fixed electrode 111 and the signal input port IN for inputting 
the signal are provided on the substrate 107 on the surface 
5 of which the insulating film 106 is formed. The magnetic 
material 102 is provided over the fixed electrode 111, and the 
magnetic material 102 is provided on the stem 109. The drive 
.-electrodes 110 for causing, the magnetic .material 1G2 to 
displace are provided on the substrate on both sides of the 

10 magnetic material 102. The magnetic material 102 is turned 
by the electrostatic force, which is generated by a potential 
difference between the magnetic material 102 and the drive 
electrodes 110, in two rotational directions. The fixed 
electrode 112 bridged over a space between the posts 104 and 

15 the signal output port OUT for outputting the signal from the 
fixed electrode 112 to the outside are provided over the 
magnetic material 102. The fixed electrodes 111, 112 are 
constructed to put the magnetic material 102 between them, and 
the fixed electrode 112 is arranged to intersect orthogonally 

20 with the fixed electrode 111. 
[0120] 

Next, the tunable filtering mechanism in the 
electromechanical filter 700 will be explained hereunder. 
The configuration of the electromechanical filter using the 
25 carbon nanotube is shown. The signal being input from the 
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signal input port IN propagates through the fixed electrode 
111 to generate the high-frequency magnetic field around the 
fixed electrode 111 by the high-frequency current. The 
precession of the spin is excited in the magnetic material 102 
5 by the high-frequency magnetic field (kittel mode) . The 
ferromagnetic resonance phenomenon occurs only when the signal 
of the ferromagnetic resonance frequency of the magnetic 
material 102 is^input, so that the angle of- the precession^ in 
the magnetic material 102 is maximized and also a magnitude 

10 of the induced electromotive force is maximized. As a result, 
the signal filtering is caused, and thus only the signal of 
the particular frequency decided by the ferromagnetic 
resonance frequency can propagate to the signal output port 
OUT. 

15 [0121] 

In addition to this signal filtering function, the 
tunable function is added to the electromechanical filter of 
the present invention. The ferromagnetic resonance frequency 
fr must be varied to tune the frequency of the signal that can 

20 pass through the filter . For that purpose, the DC bias magnetic 
field H in Eq. (1) giving the ferromagnetic resonance frequency 
fr should be varied. 

The DC bias magnetic field H is generated radially from 
the magnetic material 102. In the electromechanical filter 

25 of the present invention, since the magnetic material 102 is 
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movable, relative positions of the DC bias magnetic field H 
and the fixed electrode 111 as the signal line can be varied. 
The moving direction of the magnetic material 102 is indicated 
by V2. 
5 [0122] 

According to such mechanism, the vector and the intensity 
of the DC bias magnetic field passing through the fixed 
electrode can be varied, so that the ferromagnetic resonance ^ . 
frequency can be changed. 

10 In this case, since the center frequency of the filter 

characteristic and the tunable range depend on the intensity 
and the direction of the DC bias magnetic field H in the 
displacement range of the magnetic material 102, the axis of 
easy magnetization decided by the depositing conditions of the 

15 magnetic material 102 and the magnetizing direction decided 
by the external magnetic field applied after the deposition 
of the magnetic material 102 must be set along the direction 
from the magnetic material 102 to the fixed electrode 111 . Also, 
since the fixed electrode 111 is moved in the desired DC bias 

20 magnetic field H, relative positions such as a distance between 
the fixed electrode 111 and the magnetic material 102, 
respective heights, etc., and shapes such as a thickness, a 
width, etc. of the magnetic material 102 to generate the desired 
DC bias magnetic field H must be optimized in response to the 

25 required tunable filter characteristic. 
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[0123] 

In this manner, according to the electromechanical 
filter 700 of the present embodiment, only the signal of the 
predetermined frequency can be selected and output, and the 
predetermined frequency can be tuned. 
[0124] 

In the present embodiment, the turning of the magnetic 
material 102. in the axial direction-is r^ealized. But. the stem.- 
may be shaped into a fine pole formed perpendicular to the 
substrate surface, and then the magnetic material 102 may be 
formed to rotate in all directions using the pole as a fulcrum. 

In this case, it is desired that the magnetic material 
102 should be formed as a circular pattern around the pole. 

Further, a plurality of fixed electrodes may be arranged 
around the pole as the drive electrode, and then the turning 
of the magnetic material 102 may be controlled by controlling 
potentials of respective fixed electrodes. 
[0125] 

Also, in the electromechanical filter 700, in order to 
prevent that the induced electromotive force is generated in 
the fixed electrode 112 directly by the magnetic field 
generated by the signal that is input into the fixed electrode 
111, the fixed electrode 111 and the fixed electrode 112 are 
arranged so as to intersect orthogonally with each other. But 
the electromechanical filter in which the fixed electrode 111 
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and the fixed electrode 112 are arranged in parallel at a 
distance not to establish a correlation between them can be 
manufactured . 

FIG. 15 is a perspective view showing a configuration of 
5 a variation of the electromechanical filter in the embodiment 
5 of the present invention. 
[0126] 

- - In an electromechanical filter 80^0 rshown in FIG. 15, .-the. - ^ 

fixed electrode 111 and the signal input port IN for inputting 

10 the signal are provided on the substrate 107 on the surface 
of which the insulating film 106 is formed. The magnetic 
material 102 is provided over the fixed electrode 111, and the 
magnetic material 102 is provided on the stem 109 made of 
silicon, or the like. The drive electrodes 110 for causing 

15 the magnetic material 102 to move are provided on the substrate 
on both sides of the magnetic material 102. The magnetic 
material 102 is turned by the electrostatic force, which is 
generated by a potential difference between the magnetic 
material 102 and the drive electrodes 110, in two rotational 

20 directions. The fixed electrode 112 is arranged below the 
magnetic material 102 in parallel with the fixed electrode 111 
at an interval that is enough to prevent the influence of the 
magnetic field generated by the fixed electrode 111. The 
signal output port OUT for outputting the signal to the outside 

25 is provided to the fixed electrode 112. 
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[0127] 

Next, the tunable filtering mechanism in the 
electromechanical filter 800 will be explained hereunder. 

The configuration of the electromechanical filter using 
the carbon nanotube is shown. The signal being input from the 
signal input port IN propagates through the fixed electrode 
111 to generate the high-frequency magnetic field around the 
^fixed electrode- 111 by the high-frequency- current-^ . The 
precession of the spin is excited in the magnetic material 102 
by the high-frequency magnetic field (kittel mode) . Then, the 
spin wave travels from the fixed electrode 111 side to the fixed 
electrode 112 side, and the induced electromotive force is 
generated in the fixed electrode 112 by the magnetic field 
generated by this mode on the fixed electrode 112 side. The 
ferromagnetic resonance phenomenon occurs only when the signal 
of the ferromagnetic resonance frequency of the magnetic 
material 102 is input, so that the angle of the precession in 
the magnetic material 102. is maximized and also a magnitude 
of the induced electromotive force is maximized. As a result, 
the signal filtering is caused, and thus only the signal of 
the particular frequency decided by the ferromagnetic 
resonance frequency can propagate to the signal output port 
OUT. 
[0128] 

In addition to this signal filtering function, the 
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tunable function is added to the electromechanical filter of 
the present invention. The ferromagnetic resonance frequency 
fr must be varied to tune the frequency of the signal that can 
pass through the filter . For that purpose, the DC bias magnetic 
field H in Eq. (1) giving the ferromagnetic resonance frequency 
fr should be varied. 

The DC bias magnetic field H is generated radially from 
the magnetic material 102. In the electromeGhanica-i filter 
of the present invention, since the magnetic material 102 is 
movable, relative positions of the DC bias magnetic field H 
and the fixed electrode 111 as the signal line can be varied. 
The moving direction of the magnetic material 102 is indicated 
by V2. 
[0129] 

According to such mechanism, the vector and the intensity 
of the DC bias magnetic field passing through the fixed 
electrode can be varied, so that the ferromagnetic resonance 
frequency can be changed. 

In this case, since the center frequency of the filter 
characteristic and the tunable range depend on the intensity 
and the vector of the DC bias magnetic field H in the 
displacement range of the magnetic material 102, the axis of 
easy magnetization decided by the depositing conditions of the 
magnetic material 102 and the magnetizing direction decided 
by the external magnetic field applied after the deposition 
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of the magnetic material 102 must be set along the direction 
from the magnetic material 102 to the fixed electrode 111 . Also, 
since the fixed electrode 111 is moved in the desired DC bias 
magnetic field H, relative positions such as a distance between 
the fixed electrode 111 and the magnetic material 102, 
respective heights, etc., and shapes such as a thickness, a 
width, etc. of the magnetic material 102 to generate the desired 
DC bias magnetic f ield H-mus t be optimized in response to -the- 
required tunable filter characteristic. 
[0130] 

In this manner, according to the electromechanical 
filter 800, only the signal of the predetermined frequency can 
be selected and output, and the predetermined frequency can 
be tuned. 

Also, a multistage filter configuration in which the 
electromechanical filters of the present invention are 
connected in parallel or in series may be employed. 

Also, as the magnetic field generating portion, the coil 
may be formed in place of the magnetic material 102 to generate 
the similar DC bias magnetic field H. Also, the variable DC 
bias magnetic field H or the AC bias magnetic field may be 
generated by using a variable inductor constructed by the MEMS 
technology. 

Also, in the embodiment 5, two drive electrodes 110 are 
provided and the magnetic material 102 can be turned in two 
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rotational directions. Either of two drive electrodes 110 may 
be employed, and either of two directions may be employed as 
the moving direction V2 of the magnetic material 102. 
[0131] 

5 Also, in the embodiment 5, two drive electrodes 110 are 

provided and the magnetic material 102 can be turned in two 
rotational directions. A plurality of drive electrodes 110 
may be em.ployed, and -^the moving direction. V2 of the m-agnet-in, 
material may be set in plural directions. 
10 [0132] 

As described above, the electromechanical filter of the 
present invention can provide a tunable electromechanical 
filter that is small in size and has a small consiamption power. 
It is needless to say that such electromechanical filter is 

15 useful for the discrete element. Also, such electromechanical 
filter can be integrated together with other circuit elements. 
At that time, a semiconductor integrated circuit device 
including the small-size filter having a small transmission 
loss and a high reliability can be provided. 

20 [0133] 

Also, in the above embodiments, the examples in which 
the movable electrode is formed by forming the beam on the 
surface of the substrate are explained. In either example, 
a trench having a desired sectional shape is formed on the 
25 substrate and then the beam is left in the trench as the movable 
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portion* Such configuration can be realized easily by the 
anisotropic etching of silicon, or the like. 

Further, in the above embodiments, the electrode 
material or the magnetic film material that is suitable for 
5 the used substrate such as the compound semiconductor substrate 
made of GaAs, or the like as well as the silicon substrate may 
be selected. The integration of such electromechanical filter 
- together with o-ther circuit elem.ents can- be extremely 
facilitated. Also, as the insulating film 106 for covering 
10 the surface of the substrate and the insulating film used as 
the spacer, a silicon oxide film, a silicon nitride film, or 
a laminated film may be employed. 

Also, the carbon nanotube can be applied to respective 
embodiments. 

15 

INDUSTRIAL APPLICABILITY 

The electromechanical filter according to the present 
invention can vary the direction and the intensity of the DC 
bias magnetic field passing through the electrode by 
20 constructing the magnetic material or the electrode as the 
signal line movably, and is useful for the electromechanical 
filter having a tunable function attained by varying a 
ferromagnetic resonance frequency. 



CIZST AV^^ILASLE COPY 



